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(57) ABSTRACT

Methods and compositions for separating materials are pro-
vided. The present invention provides a method of separating

a first material from a second material such as mixing the first
material and the second material 1n a slurry with a beneficia-
tion composition. The beneficiation composition can com-
prise methyl 1sobutyl carbinol mixture dertved from a methyl
1sobutyl ketone and/or methyl 1sobutyl carbinol manufactur-
ing process. Additionally air bubbles can be provided in the
slurry to form bubble-particle aggregates with the first mate-
rial and the bubble-particle aggregates can be allowed to be
separated from the second matenal.

16 Claims, No Drawings
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METHYL ISOBUTYL CARBINOL MIXTURE
AND METHODS OF USING THE SAME

BACKGROUND

The present invention relates generally to beneficiation
technologies. More specifically, the present invention relates
to beneficiation compositions and methods of using the same.

Beneficiation 1s a method of separating useful matter from
waste. Commonly, beneficiation uses the difference in the
hydrophobicity of the respective components. During this
process, the mineral ore 1s comminuted to a certain small size
and slurried with water. The slurry 1s introduced 1nto a flota-
tion apparatus purged with air. The air bubbles formed pret-
erentially attach to the hydrophobic particles of the slurry,
making them float to the top of the apparatus. The floated
particles are collected, dewatered, and accumulated as a sell-
able final product. The hydrophilic particles tend to migrate to
the bottom of the contact vessel from where they can be
removed as tailings and processed mto waste impoundments.
In other processes, such as reverse tlotation, the sellable final
product may migrate to the bottom.

To facilitate beneficiation, several types of conventional
reagents are used such as frothers, collectors, promoters and
conditioners. Nevertheless, these reagents can be expensive
thereby reducing the cost-effectiveness of the beneficiation
Processes.

It 1s therefore desirable to provide and utilize cost-effective
beneficiation compositions.

SUMMARY

Flotation processes are one of the most widely used meth-
ods of separating the valuable matenial from valueless mate-
rial present. For example, in a flotation process, the fine
particles are dispersed in water or other suitable solution and
small air bubbles are introduced to the slurry so that hydro-
phobic particles can be selectively collected on the surface of
the air bubbles and exit the slurry (e.g. by rising to the surface)
while hydrophilic particles are left behind. The hydrophilic
particles can also sink to the bottom of the slurry to be col-
lected as sludge.

The MIBC mixture can be used to separate materials, for
example, 1n any suitable flotation process. It should be appre-
ciated that the desired final products can rise to the surface
during flotation and/or sink to the bottom, such as in reverse
flotation processes. For example, during silica flotation pro-
cesses, the desired product can sink to the bottom of the slurry
and the waste product can rise to the top of the slurry.

The present mvention provides a method of separating a
first material from a second material. In one embodiment the
method can comprise mixing the first material and the second
material 1 a slurry with a beneficiation composition. The
beneficiation composition can comprise a methyl 1sobutyl
carbinol (MIBC) mixture. Air bubbles can be provided in the
slurry to form bubble-particle aggregates with the first mate-
rial and the bubble-particle aggregates can be allowed to be
separated from the second matenal.

In one embodiment, the MIBC mixture contains MIBC,
alcohols, and ketones.

In another embodiment, the MIBC mixture can be derived
from the manufacture of methyl 1sobutyl ketone (MIBK)

and/or MIBC. The MIBC maxture 1s co-produced in the
manufacturing process.
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The MIBC mixture comprises about 50 to about 90 weight
percent of MIBC, about 5 to about 25 weight percent of

alcohols and about 5 to about 25 weight percent of ketones
in-additional embodiments.

In an embodiment, the alcohols comprise one or more
components selected from a group consisting of diisobutyl
carbinol and diisobutyl carbinol 1somers and combinations
thereof.

In an embodiment, the ketones comprise one or more com-
ponents selected from a group consisting of diisobutyl
ketone, diisobutyl ketone 1somers and 3,3,5 trimethylcyclo-
hexanone and combinations thereof.

In an embodiment, the MIBC mixture can be blended with
ex1sting beneficiation compositions to improve effectiveness.

In another embodiment, the present invention provides a
method of separating hydrophobic and hydrophilic particles
in an aqueous slurry. For example, the method can comprise
adding a beneficiation composition to the aqueous slurry to
stabilize the bubble formation. The beneficiation composition
can comprise a MIBC mixture derived from the manufactur-
ing of MIBK and/or MIBC. The hydrophobic particles attach
onto the surface of the stabilized air bubbles, forming bubble-
particle aggregates that can tloat to the surface of the aqueous
slurry.

The present mvention provides an effective methods of
separating two or more materials.

The present invention also provides compositions used to
stabilize air bubbles in flotation processes resulting in
improved results.

DETAILED DESCRIPTION

The present mvention relates generally to beneficiation
technologies. More specifically, the present invention relates
to beneficiation compositions and methods of using said ben-
eficiation composition.

The term “beneficiation” should be understood to mean
separating useful matter from waste, particularly hydropho-
bic substances from hydrophilic substances. Suitable pro-
cesses for accomplishing this include, but are not limited to,
flotation, reverse tlotation and similar technologies.

The term “MIBC mixture” should be understood to mean
co-products generated from MIBK and/or MIBC manufac-
turing processes.

The present mvention provides a beneficiation composi-
tions comprising co-products from MIBK and/or MIBC
manufacturing processes. The co-products can comprise mix-
tures of MIBC and other alcohols and ketones. The alcohols
and ketones contain primarily from nine to twenty carbon
atoms.

The MIBC mixture of the present invention surprisingly
improves recovery of beneficiation technologies, {for
example, flotation processes. The MIBC mixture can be used
to supplement or replace conventional beneficiation compo-
sitions used 1n flotation processes.

Generally, MIBK 1s produced from acetone. The first step
involves the aldol condensation to form diacetone alcohol.
The diacetone 1s then dehydrated to form mesityl oxide. Inthe
last step the mesityl oxide 1s hydrogenated to MIBK. Theo-
retical yield 1s about 89%. Varying amounts of MIBC mix-
tures are co-produced. MIBC 1s generally produced by the
hydrogenation of MIBK.

MIBK 1s used primarily as a solvent in the coating industry.
MIBC i1s used primarily as a lube o1l additive. MIBC 1s also
widely used as a frother 1n tlotation processes recovering
minerals. MIBC stabilizes the bubbles allowing the hydro-
phobic minerals to attach themselves to the bubbles. How-
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ever, MIBC cost has escalated recently due to the high cost of
petroleum hydrocarbons. The present invention oflers an eco-
nomical alternative that 1s effective for a variety of beneficia-
tion technologies.

In one embodiment, the MIBC mixture from MIBK manu-
facturing can—comprise of MIBC, other alcohols and
ketones. The alcohols and ketones can include duisobutyl
carbinol, diuisobutyl ketone, and 3,3,5 trimethylcyclohex-
anone, and their 1somers.

The above composition suggests that the MIBC mixture
can make a perfect flotation reagent. In flotation lab tests the
MIBC mixture was effective 1n stabilizing air bubbles.

In an alternative embodiment, the MIBC mixtures can
turther be mixed with additives to supplement and/or improve
the separation properties of the beneficiation compositions.
Such additives can include other flotation reagents. Other
flotation reagents include but are not limited to, light hydro-

carbon o1ls, petroleum ethers, fatty acid methyl esters, fatty
acids, c4-c20 alcohols, c4-c20 aldehydes, c4-c20 esters,
phosphate, sulfate, sulfonate, amine salt, xanthates, hydro-
phobic polymers, and combinations thereof.

The hydrophobic polymers can include, for example, poly-
methylhydrosiloxanes, polysilanes, polyethylene derivatives,
and hydrocarbon polymers generated by both ring-opening
metathesis and methalocene catalyzed polymerization.

The light hydrocarbon oils include diesel oil, kerosene,
gasoline, petroleum distillate, turpentine, naphtanic oils, etc.

In a further embodiment, the present invention provides
methods of stabilizing the bubbles 1n certain beneficiation
processes. For example, the beneficiation composition com-
prising the MIBC mixture can be useful in beneficiation of the
tollowing materials including, but not limited to coal, sand
and gravel, phosphates, diamonds, precious metals, and other
mineral ores or man-made matter. In alternative embodi-
ments, the beneficiation composition can be used 1n processes
to increase the bubble stability, particularly 1n applications
such as flotation resulting 1n the beneficiation of coal, sand
and gravel, phosphates, diamonds, precious metals, and other
mineral ores or man-made matter. The beneficiation compo-
sition can also be used 1in conjunction with other suitable
frothers, tlotation collectors and promoters.

An additional embodiment of the present imnvention pro-
vides a method of separating a first matenal from a second
material. For example, the method can comprise mixing the
first material and the second material 1n a slurry with a ben-
eficiation composition. The beneficiation composition can
comprise MIBC mixtures derived from a MIBK or MIBC
manufacturing process. Air bubbles can be provided 1n the
slurry to form bubble-particle aggregates with the first mate-
rial; the bubble-particle aggregates can then be separated
from the second material. The beneficiation composition can
turther include other frothers, promoter, and/or collector
mixed with the MIBC mixture.

The present mvention additionally provides a method of
separating hydrophobic and hydrophilic particles 1n an aque-
ous slurry. For example, the method can comprise adding a
beneficiation composition to the aqueous slurry to increase
the stability of the bubbles. The beneficiation composition
can comprise MIBC mixtures derived from a MIBK or MIBC
manufacturing process. The aqueous slurry can be mixed
with the MIBC mixtures. Air bubbles can be provided to the
aqueous slurry so that the hydrophobic particles collect on the
surface of the air bubbles forming bubble-particle aggregates.
The bubble-particle aggregates can be allowed to tloat to the
surface of the aqueous slurry to be separated from the hydro-
philic particles.
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The materials to be separated can have any suitable size. By
example and not limitation, the materials can range from 2
mm to 0.04 mm in size. The slurry can contain up to 50%
solids. Any suitable mechanical or chemical forces can be
used to bring the slurry particles 1in contact with the benefi-
ciation compositions ol the present invention. The floated
product and the non-floated tailings can be collected from the
present methods.

EXAMPLES

By way of example and not limitation, the following
examples are illustrative of various embodiments of the
present 1nvention.

In example 1 the beneficiation composition of the present
invention comprises a blend of the MIBC mixtures and 1-pro-
pene hydroformylation product. The 1-propene hydroformy-
lation product 1s a mixture of the C4-C18 alcohols, aldehydes,
and esters, and 1s generally used as a frother 1n flotation
operations. The beneficiation composition 1s prepared from
about 30% by weight of the MIBC mixtures and 70% by
weilght of 1-propene hydroformylation product. It was com-
pared against another flotation reagent consisting of 30% by
weight of MIBC and 70% by weight of 1-propene hydro-
formylation product.

A sample of coal slurry from a coal preparation plant was
floated 1n the laboratory using a Denver flotation machine.
The tests were designed to determine the utility of the MIBC
mixture blended with a 1-propene hydroformylation product.

The collector used was diesel. The MIBC mixture was the
obtained from the manufacture of MIBK and MIBC.

Example 1

Diesel collector, 0.567 Ib/ton solids

Frother

MIBC mixture and 1-

MIBC and 1-propene propene
hydroformylation hydroformylation
product product
Lb/ton Conc. Combustible Conc. Combustible
solids Ash (%) Recovery (%) Ash (%) Recovery (%)
0.326 5.1 78.4 5.7 79.6
0.326 6.1 78.5 5.7 79.0

The above data shows combustible recovery improved when
utilizing the MIBC mixture.

Example 2

The MIBC mixture was used in place of MIBC at a coal
flotation process facility 1n which the recovery of fine coal

noticeably increased from about 85% to 89% with the use of
the claimed 1nvention.

It should be understood that various changes and modifi-
cations to the embodiment described herein will be apparent
to those skilled 1n the art. Such changes and modifications can
be made without departing from the spirit and scope of the
present subject matter and without diminishing 1ts intended
advantages. It 1s therefore intended that such changes and
modifications be covered by the appended claims.



US 8,123,042 B2

S

It 1s claimed:

1. A method of separating a first material from a second
material, the method comprising: Mixing the first material
and the second material 1n a slurry with a beneficiation com-
position, wherein the beneficiation composition comprises a
MIBC mixture and containing a mixture of MIBC and about
5 to about 50 weight percent of C9 to C18 ketones.

2. The method of claim 1 where air bubbles are provided in
the slurry to form bubble-particle aggregates with the first
material; and allowing the bubble-particle aggregates to be

separated from the second matenal.

3. The method of claim 1, wherein the MIBC mixture
comprises MIBC, 2,6,8-trimethyl-4-nonanone, and one or
more components selected from a group consisting of 2,6-
dimethyl-4-heptanol, 2,6-dimethyl-4-heptanone, 3,3,5-trim-
cthyl-1-1 cyclohexanone, 4,6-dimethyl-2-heptanone, 4,6-
dimethyl-2-heptanol, and combinations thereof.

4. The method of claim 2, wherein the MIBC mixture 1s
blended with one of more components selected from a group
consisting of light hydrocarbon oils, petroleum ethers, fatty
acids methyl esters, fatty acids, c4-c20 alcohols, c4-¢20 alde-
hydes, c4-c20 esters, phosphate, sulfate, sulfonate, amine
salt, xanthates, hydrophobic polymers, and combinations
thereol.

5. The method of claim 3 wherein the MIBC mixture com-
prises about 50 to about 90 weight percent of MIBC.

6. The method of claim 5 wherein the MIBC mixture com-
prises about 5 to about 25 weight percent of C9 alcohols.

7. The method of claim 5 wherein the MIBC mixture com-
prises about 5 to about 25 weight percent of C9 ketones.

8. The method of claim 1 wherein the beneficiation com-
position 1s comprised of a MIBC mixture derived from a

MIBK and/or MIBC manufacturing process.
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9. The method of claim 5 wherein the MIBC mixture com-
prises about 5 to about 50 weight percent of C9 to CI8
alcohols.

10. The method of claim 8, wherein the MIBC mixture
comprises MIBC and one or more components selected from
a group consisting of 2,6-dimethyl-4-heptanol, 2,6-dimethyl-
4-heptanone, 3,3,3-trimethyl-1-1 cyclohexanone, 4,6-dim-
cthyl-2-heptanone, 4,6-dimethyl-2-heptanol, 2,6,8-trim-
cthyl-4-nonanone, and combinations thereof.

11. The method of claim 8, wherein the MIBC mixture 1s
blended with one or more components selected from a group
consisting of light hydrocarbon oils, petroleum ethers, fatty
acid methyl esters, fatty acids, c4-c20 alcohols, c4-c20 alde-
hydes, c4-c20 esters, phosphate, sulfate, sulfonate, amine
salt, xanthates, hydrophobic polymers and combinations
thereof.

12. The method of claim 10, wherein the MIBC mixture
comprises about 50 to about 90 weight percent of MIBC.

13. The method of claim 12, wherein the MIBC mixture

comprises about 5 to about 50 weight percent of C9 to C18
alcohols.

14. The method of claim 12, wherein the MIBC mixture
comprises about 5 to about 50 weight percent of C9 to C18
ketones.

15. The method of claim 12 wherein the MIBC mixture

comprises about 5 to about 25 weight percent of C9 ketones.

16. The method of claim 12 wherein the MIBC mixture
comprises about 5 to about 25 weight percent of C9 alcohols.
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